The paper summarizes empirical research finalizing the first stage of the scientific project aimed at hedonic methods application in adjusting price indices in cases when variability in quality of goods is observed. A hedonic model describes the price of the heterogeneous good by a set of its relevant attributes, and thus it can be helpful in distinguishing the price change level resulting from quality-related and other than quality-related causes. As a consequence, hedonic methods provide a group of potential solutions to the problem of measuring a socalled "true price change" by introducing quality-adjusted price indices. However, beforehand a reliable, stable and predictively powerful hedonic model must be constructed and estimated. The main goals of the presented research were: 1) to test whether the initially chosen goods are convenient for hedonic analyses; 2) to estimate and verify the hedonic models suitable for further analyses for goods selected in the first step. The empirical research was based on a database consisting of seventeen groups of durable goods (household appliances, consumer electronics and ICT/IT devices).
Introduction
Since the end of 20 th century in the official price statistics there has been a far-reaching problem concerning the lack of an efficient method of measuring actual price change in cases when the compared goods are of different quality. The importance of this issue has been growing with the rapid progression of technology where the permanent development of production engineering and the emergence of completely new, advanced technologies have caused an acceleration in goods' quality changes. This has led to a situation in which the goods present on the market were not comparable with the goods whose prices were observed in the past (see e.g. [Boskin et al. 1996; Berndt et al. 1995] ). As a result, standard methods of price changes measurement have yielded biased results, usually manifested as an overestimation of price growth rates.
Implementing adjustments reflecting quality differences in price indices is discussed in most cases in relation to the Consumer Price Index (CPI). In Poland this index is considered to be the most important price change measure, mainly due to legal and economic implications (see [Łyko 2002]) . The CPI constitutes the basis for numerous indicators in Polish legal acts, among others it influences the valorisation of social security benefits (e.g. unemployment allowance), capital indexation (e.g. bonds interest rates) and the level of state and municipal taxes and fees (e.g. real estate tax rates). The economic implications of the CPI indicator are reflected by its importance in the decisions of the Monetary Policy Council in determining the fiscal policy of the state, in government budget construction, and in setting the level of interest rates. In periods when the main objective of monetary policy of the state is to achieve the indicated level of inflation influences other economic processes such as the money supply, exchange rates and employment level. In this view the correct measure of price change is fundamental for the monetary and fiscal policy of the state.
The undertaken research project 3 aims at investigating the applicability of hedonic methods as potential solutions to the problem of measuring so-called "true price change" by introducing quality-adjusted price indices, also called hedonic indices. In order to effectively reduce quality-related biases, first a reliable, stable and predictively powerful hedonic model must be constructed and estimated. The main goals of the presented paper were: 1) to test whether the initially chosen goods are convenient for hedonic analyses; 2) to estimate and verify the hedonic models suitable for further analyses for goods selected in the first step.
A hedonic price index is any index which makes use of the hedonic function (see [Triplett 2006] ). The basis of hedonic methods are formed by a hedonic hypothesis which states that heterogeneous goods are characterized by a set of relatively homogeneous attributes (characteristics) relevant both from the point of view of the customer and the producer. Moreover it is assumed that there exists a relationship (described by a certain function f) between the price of the good and its significant characteristics, called hedonic regression (see [Brachinger 2002]) . Therefore the price of the good is determined as an aggregate of the values estimated for its each significant characteristic, which may be described in the following general notation:
where PRICE is the price of the given good, X is the vector of characteristics, β is a vector of the unknown parameters to be estimated, and ε is the error term. A correctly specified and estimated hedonic regression model allows to calculate the theoretical price of a given good for a specified set of significant characteristics. This property of hedonic models is crucial for their application in distinguishing the price change level resulting from quality-related and other than quality-related causes. In general, the implementation of hedonic techniques to make adjustments for quality changes consists in incorporating the results obtained from hedonic regressions into classic price index formulas, such as Laspeyres, Paasche or Jevons 4 .
Database description
The demands on the data for the purposes of hedonic analysis are numerous. First of all the data should consist of a large number of observations, sufficient enough for econometric model estimation to be correctly performed. Secondly, an extensive set of characteristics significant from the perspective of both customer and producer should be available. Moreover, transaction prices rather than offered prices of the analysed goods are preferable. As in all quantitative analyses, the data should be comparable, as well as relatively clean and reliable. Such data sets are hard to obtain, this being one of the main reasons for the unsatisfactory level of research in the hedonic method area in Poland
5
. For the purpose of the presented research, special infrastructure designed for data collection was developed. The elaborated tool, consisting of mutually related PHP scripts integrated with a SQL database, allowed for the relatively fast and automatic creation of extensive databases suitable for hedonic analyses 6 . The sources of data were price lists available on price comparison service provider's Internet website which was one of the biggest in Poland. The applied method of data collection, called "webscraping", consisting in parsing HTML code from webpages in order to extract the necessary information, is being more often used in price index studies (see e.g. [Cavallo 2013]) .
Heterogeneous durable goods, in particular those undergoing very rapid technological development, are one of the most common subjects in empirical hedonic research. The data in the presented study comprises durable goods from three markets: consumer electronics, household appliances and ICT/IT devices. Table 1 presents the seventeen groups of goods present in the initially created database in the second quarter of 2014. The number of observations given in Table 1 refers only to valid and complete observations after the process of outliers detection and removal. Source: own elaboration.
5 Some of the relevant and recent Polish papers include [Dziechciarz 2004; Tomczyk, Widłak 2010; Witkowska 2014] . 6 A detailed description of the developed tool may be found in [Dziechciarz-Duda, Król 2014] .
The individual groups of goods were chosen taking into account the availability of the data, the number of observations (at least 100 different models), heterogeneity (presence of significant characteristics influencing the price) and the measurement scale of the independent variables (at least one variable measured on ratio scale). For each observation in each group of goods, price 7 and all the available significant characteristics were collected.
The process of data collection for the purposes of hedonic indices construction is designed to continue for ten consecutive quarters, starting from Q2 2014 and ending with Q3 2016. In addition to consumer electronics, household appliances and ICT/ IT devices, data for the secondary market of apartments in the five biggest Polish cities (Warszawa, Kraków, Łódź, Wrocław and Poznań), as well as for six groups of used cars (sedans, station wagons, hatchbacks, SUVs, sports cars and vans) are being gathered.
Research methodology notes
The theory of hedonic methods does not impose the choice of function f that relates the price of a good to its characteristics. Many empirical studies present either the a priori assumption of the functional form of hedonic regression, or the approach of using the functional form which fits the data best. The commonly used mathematical functions in hedonic studies are linear, exponential, double-log and logarithmic (see [Brachinger 2002; Triplett 2006] ). In the presented research, BoxCox transformations (see [Box, Cox 1964] ) of the dependent variable, as well as the independent variables measured on a ratio scale, were applied in order to assist the process of functional form specification. The method allowed to choose among the linear, exponential and mixed functional forms for each group of goods.
The number and type of characteristics which comprise vector X depend on the nature of a given good and its technical properties. The determination of significant attributes may be based on technological information concerning production processes, marketing data on the needs and preferences of the consumers, as well as the statistical information obtained from the dataset (see [Triplett 1986] ). However, the choice of independent variables is in many cases limited by the availability of data, and therefore the possibility of biases caused by omitted variables must be taken into account. In the presented research the top-down approach to econometric modelling was applied in order to minimize the omitted variable biases. The initial model contained all the available characteristics and was reduced afterwards by rejecting insignificant and/or mutually correlated independent variables. The information criteria (such as AIC, SIC) were used to choose the final model, where necessary.
Hedonic regression models face all the classical problems of econometric modelling of cross-sectional data, such as heteroscedasticity of the error term and collinearity of the independent variables (see [Greene 2011; Wooldridge 2010] ). Therefore, upon estimation a thorough testing and verification procedure was performed including the areas of significance (t test, F test), stability (Chow test), heteroscedasticity (White's test), goodness-of-fit (adjusted R 2 measure), collinearity (variance inflation factors VIF), predictive power (root mean square error RMSE, mean absolute error MAE and mean absolute percentage error MAPE) and normality (Q-Q plot). The applied estimation method was ordinary least squares (OLS), though in cases of heteroscedasticity the models were re-estimated using White's weighted least squares method (see [White 1980] ).
Hedonic models for durable goods
In order to reach the research objectives, the procedure described in the previous section was applied to each of the seventeen groups of durable goods. This led to distinguishing three classes of goods:
1. The goods for which models meeting all quality demands were successfully estimated -these were chosen for further analyses.
2. The goods in cases when the models were statistically correct but provided unsatisfactory goodness-of-fit -these were marked as optional.
3. The goods for which the research procedure failed to estimate satisfactory models -these were rejected and removed from the database.
Chosen groups of goods
The completely satisfactory estimation results were obtained in the case of eight groups of goods -three representatives of the household appliances market, one representative of the consumer electronics market and four representatives of the ICT/ IT devices market. The estimated models in general were well fitted (with adjusted R 2 above 75%), stable and predictively powerful. Table 2 presents the goodness-offit and significance indicators for groups of goods which belong to this class.
For the sake of conciseness, the results of the estimation for one exemplary group of good -coffee makers − will be discussed in greater detail 8 . The used data set comprises 750 coffee makers variants of 22 different brands available for sale in Internet shops in Poland. Each product is described by its price (PRICE [PLN] ) and the following characteristics: engine power (POWER [watt]), type (VACUUMvacuum brewer, SINGLE_SERVE-single-serve coffee maker, DRIP -drip brewer), grinding function (GRINDING), milk frothing function (FROTHER), as well as brand . Since the presence of heteroscedasticity was detected, White's weighted least squares method was applied in the estimation process. The results are presented in Table 3 .
All the variables are statistically significant, and the signs of the parameters are consistent with the expectations. The prices of coffee makers are influenced by their engine power: a 100 watt increase in the engine power results in approximately a 2.33% increase in the coffee maker's price, ceteris paribus. The price highly depends on the type of coffee machine. Vacuum brewers are over 200% more expensive, and single-serve makers are over 78% more expensive in comparison to drip type brewers. The presence of additional features significantly increases the coffee maker's price. The price of an appliance with a grinder is about 103% higher, whereas the frothing function increases the price by approximately 54%. The estimates for brand variables parameters allow to roughly distinguish three classes of coffee makers brands: the most expensive (Bugatti, Jura and Ascaso), the least expensive (Krups, Severin, Kalorik, Zelmer, Bomann, Ariete, OK, Clatronic), and the middle range (all other brands which are in the reference group, including such producers as Bosch, DeLonghi, Electrolux, Kenwood and Philips) 10 . The fit of the model is relatively high with adjusted R 2 equal to about 82%. The independent variables are free of collinearity (all VIF's are lower than 3) and the model predicts prices with RMSE equal to 0.6084, MAE equal to 0.4533 and MAPE equal to 7.2456%. Figure 1 depicts the plot of actual coffee maker's prices against its predicted counterparts and residual Q-Q plot.
Optional groups of goods
For the groups of durable goods presented in Table 4 , the estimated models were acceptable in terms of significance and parameters interpretation but provided unsatisfactory goodness-of-fit (around 50-60%) probably due to the small number of observations gathered and/or omitted variables. In these cases additional analyses are necessary before further research. Source: own elaboration. Table 5 presents the results of a hedonic model estimation for an exemplary optional group of goods -an e-reader. The database consists of 100 e-readers provided for sale in Poland in the second quarter of 2014 by 19 different producers. It includes such variables as SCREEN -screen size [inch], RESOLUTION -screen horizontal resolution [pixel] , CARD -memory card slot, as well as brand names variables. The log-linear model 11 was estimated using ordinary least squares method. The price of an e-reader depends on the size and resolution of the screen. With a 1 inch increase in screen size the price of the e-reader increases, ceteris paribus, by about 12.55%, whereas a 100 pixel increase in the screen horizontal resolution 12 results in approximately a 4.11% increase in the price. E-readers which are endowed with a memory card slot are on average about 57% more expensive. The estimates for brand variable parameters may be the basis for the following brand ordination (from the most to the least expensive): Amazon, Iriver, KOBO, PocketBook, Onyx, Sony, Hanvon, Prestigio, TrekStor, the reference group (including the brands: BestBuy, Blaupunkt, Kiano, Lark, Manta, Overmax, SENCOR, Tracer, Vedia and Yarvik). The p-value in White's test equals 0.1154, indicating homoscedasticity of the error term. The independent variables are free of collinearity (the highest value of VIF is about 3 for the pair ) and the mean absolute percentage error equals about 3.8489%.
Rejected groups of goods
For four groups of goods, namely printers, car navigation systems, cell phones and toasters, the obtained results turned out to be unsatisfactory. The majority of parameters in the estimated models were statistically insignificant and their interpretation in many cases was not in accordance with expectations. Moreover, the models provided unsatisfactory goodness-of-fit. The probable causes for those problems were the:
• small number of observations in the data set, • possible omitted variables, • large number of missing observations, • lack of ratio scale variables significantly correlated with the price of the good.
These groups of goods will be omitted in the subsequent research phases, the data will be removed from the data base and the process of its collection will not be continued.
Conclusions
In the result of the presented research, the verification of the applicability of hedonic methods to analyzing prices of various groups of durable goods was performed. Out of the initial seventeen groups of heterogeneous durable goods, eight proved to provide reliable and useful hedonic models, five will be further analyzed, and four were found inappropriate for hedonic analyses. This allowed for sorting the goods in the data base and distinguishing those groups which will be subject to the following research consisting in measuring the so-called "true price change" by introducing quality-adjusted price indices, and those which will be rejected. The obtained outcomes should also improve the process of subsequent data collection, shorten its duration and reduce its labor-intensiveness.
In addition, the obtained results may be used for pricing the durables, estimating hedonic prices 14 for particular characteristics (including the prices which are not directly observable on the market, such as for example the value of brand name), and in combination with the additional multivariate statistical methods for the analysis of consumers' preferences and its application in the market segmentation and pricing policy development (see e.g. [Dziechciarz 2005; Dziechciarz-Duda, Król 2014] ).
